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My 1st love
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My 1st love

CDF Results for 2012 Winter Conferences
(only new results since the 2011 Summer Conferences are listed)

The results below are grouped by physics topic, not working group.

Exotics, Top, Higgs, Electroweak, Bottom, QCD

Analysis

Search for a new particle decaying in toprHjet 2am! WebPage

Search for dark matter in monatop events Frre Wenbge
Scarch for dark matter in monajet events PEre Webpe
Scarch for new physics in same sign dilepton with s 601 WebPage

Search for new physics in trileplon events S8t WebPage

Tap Physics

the Farv i ing lepton+jets final state 27! WebPage

87fb WiebPage

i hetween tap and ani ey WehPage

Measurement of BR(t—=Wh) 758! WebPage(?

i produsti i 25871 WebPagei?)
the W b iration from top quark decays using di - s1al WehPage

Measurement of ttbar spin correlatian coeficient s1m! WebPage

Tevatran Higgs combination WebPage(?
CDF Higgs combination. 210 f0! WebPage(™)

CDF fermiophabic Higgs combination: H—=rpy e WebPage(?

[ e L e T i pumeirs Py WebPage(?
Search for Higgs boson in WH==l(=e/u) v bb 94! WebPage(?

Sea s for Higgs bason in Wil=ov v b 28l WebPage(OLIY
Search for Higgs boson in WH/ZH—+MET thb el WebPagel™
Search for Higgs boson in ZH -=1bh 95! WebPage(?
Search for Higgs buson in WIZH in the all-hadronic fzal state esal WebPagel®

Search for H — WW. 078 WebPagel?
Scarch for the Higgs boson in assaciation with Tap quarks g4l WebPage(?
Search for H—=4 leplans. gl WebPage(™)

Scarch for a $M Higgs with the diphoton final state 0 WebPage
Search far a §M Higgs boson in the e x+jets final state 8301 WebPage
Search for a fermiaphobic Higgs with the diphoton final state 1087 WebPage
Search for a fermiophobic Higgs in Vi~ VWW 2687 WebPage

Electroweak Physics

Measurement of the W bason mass 220 ePage
Measurement af Z P spectrum e WePage

Search for By = u*y and By —= ¥y Decays at COF 11
Measurement of the B, mixing phase fi;7'¥ © with the full CDF 11 data sampl gl Sebpage
Delta ACP (D —= ) with Full dataset 97! Wenpaze

Upsiton Decay Angular Distribution Auslysis PEre Webpage
A ety mf Quam i Fow geamenta et s g Won pe Prgeheres] 1 A mocin s mith Pt Ty /0 Mopams aam! Wenpage
Search for CP Violationin DY — K, =t &0l Sebpage

Measurement of By —= 1, + 1, ** Beanching Ratias aam! eipage

Measurement of the Z+h-jet cra.

section. 798!
R e T T 828 ‘WebPage
Measurement of the Wicharm cross section a1p! WebPage
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- i 258 WebPagei?)
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WebPage

Higes Physics
More Informstion

WebPage(?)

O+ new results —
Several world bests
Many new analyses!

WebPage(?)
WebPage(?)
WiebPage

WebPage
WebPage
WieaPage
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e e T WiehPage
i e W ppaieres 66 WebPage
tiom Physics
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Use dielectron/dimuon final states, plus 1,2,3 or more jets

Distributions unfolded to hadron level - theory corrected to hadron level too

2

E [ —— ALPGEM+PYTHIA Tune BW
. — MNomalized to MNLO ofZ) = 251.3 pb
CDF Run Il Preliminary £ 15:_ W =M+ P
~ =

3 10 ~— CDF Data L= 8.23 5 2 C  — )
S B 8 1 — l
‘3 N |:| Sytematic uncertainties = ,
= - —— 2— el .
P oL “o— NLO BLACKHAT+SHERPA s NLOMCFM == PO warsiniies
= 10°E - 15E ui=M+pl2), R_=13 —— NNPDF2.1

- = el
1%.. - N MSTW2008 PDF -
3 i . by =3 P =3 (5 9, + E) -
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- 2 — wnwomomm W=y lu=p 2

N = CTEQE.6 PDF . _:;, !

L —— 150 uwi=M +pl(Z)R_=13 s B =R
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- —_ 1

B 2 [ —— WNLO BLACKHAT+SHERPA 2 1

1 - M PDF e n=2u p=p

10 E ZA*(— I'T) +21 jet 1¥ leading 15:_ un=§€=%[ﬁ,p;+Eﬁ
- l=e,n ’ ~r
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Results compared with state-of-the-art theoretical predictions and event generators.
Many more distributions obtainable at the public webpage



» Measure the b-quark component of Z+jets
production by fitting the vertex mass

N"*/[0.15 Gev/c?

* NN muon ID to increase acceptance

« MCFM NLO QCD calculation predict ratio
Z+b/Z+jto be 0.27%. CDF measurement
consistent 7Zrbiet _ 0293 + 0030 + 0.036°Y*'%

oz

» Measure differential
cross sections as a
function of jet Pt, jet y

CDF Run Il Preliminary

CDF Run Il Preliminary

——

|_—+ CDF Data - 7.86 fb!
Systematics uncertainties

Ly

—

Zy (> F+=1bjet

- NLO MCFM Q*-M +p%

MSTW 2008 - PDF
Corrected to hadron level

30 40 50 60 70 80 90100
p’Te' [GeV/c]

data/theory
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Z+b-jeta

Positive tagged |ets

P = 20 GeVie
=15

1.5

2 25

—*— Data - 7.86 fbo"
—— Total Prediction
[ light jets

M ciets

0 b jets

I @cD bkg.

Total Jets: 1327
f,: 0.53 + 0.05

fe: 0.06 = 0.08

4 45
MSE::\H:K [waczl

3 35

—— NLO MOFM Q=M +p%,
Systematics uncertainties
. 0=2Q,;0-05Q,
i PDF Uncertainty

N

—— NLO MCFM Q%M2 +p2,
Q=2Q,/Q=05Q,

----- NLO MCFM @°=0.5 A
NLO MCFM Q=p?
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p* [GeV/c]
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e B.% mixing phase expected tiny in SM. Broad class of
NP models predict effective enhancements.

* 2008 Tevatron measurement: intriguing 2.2
deviation. Softened last summer by recent updates.

e NEW: update with full Run Il dataset. Reconstructed
11K B.%— J/y¢ decays

 Joint fit to B mass, decay-time, flavor tag, decay-angles

B.in [-0.06, 0.30] @68% C.L.

e Assuming SM CP-violation, precise measurement of
decay width difference between B! and B

AT =0.068 + 0.027(stat+syst) ps

Candidates per 1 MeV/c?

, Alg [ps]

A5 1 05

800F 10950 + 111 {

N
o
o

CDF Run Il Preliminary L = 9.6 fb™

r Signal Events

B R TR :
Jhy K'K Mass [GeV/c?]

CDF Run Il Preliminary L = 9.6 fb™

--------- 95% CL
SM expectation’

————————— Symmetry line

mmm Mixing Induced CP Violation?

: " A. Lenz and U. Nierste, arXiv.1102.4274v1 (2011)
= 2 2r,,/=(0.087 £ 0.021) ps’

0 0.5
it
B.** [rad]



* BR predicted small and well under control

e almost any SM extension enhances it

* CDF led experimental exploration over the past 10 years. Tightened limits over
orders of magnitudes until approaching SM sensitivity.

e Summer '11: tantalizing >2.50 deviation from bckg: fluctuation or first

indication of signal 2

* now added 30% of data - analysis kept unchanged

e BO—u*w channel supports good
understanding of sample and
backgrounds
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B, Results .

0.70< v, <076

1Bopy

0.76< v, <0.85 0.85< v, <0.90

0.90< v, <0.94

Candidates per 24 MeV/c 2

g/ -
e —

0.94 <v, <0.97

0.987 <v  <0.995

;ﬁrﬁm

s,
1

v, > 0.995

Background

B +signal (SMx4.1)

RARR|

0 1.1 1
5322

5370

5370 5418 5322 5370

m,, (MeV/c?)

5418 5322

All Bins NN>0.987
Fit (x10~7%) 1.35709 1.07%%
90% CL (x107%) | 022< B <30 0.08<B<25 o
Bkg p-value 0.94% 2.1%
SM+Bkg p-value 7.1% 22.5%

5418 5322

5370 5418

Summer excess not strengthened, but
still there at >20 over background

Compatible with SM and other
experiments' results



* CPV in charm expected to be out of reach of v P = K10 m) sttt o
existing experiments. Still, LHCb reported evidence: = ]
AACP=ACP(DoeKK) - ACP(DOeTETE)= 2 ;E:ta(g.ﬂb')

% . Multibody D decays -
=['O.82 10.2] (Si'qi') i O.‘I ‘I (S)’Sf)]% § 20_7 .Handompions
. . . . 02.005 2.01. o 2.015 2.02
» CP violation in charm suggestive of BSM L e G
2

* Need independent confirmation - only CDF t T~
has sufficient sensitivity 3 O 0 et )

* Building on a previous measurement (PRD.) we ST . ownprey |
updated the result optimizing the selection for é B it s
the measurement of the difference of g B o s
asymmetries [

° I k' d 'ff I: o I 0505 2.01 2.015 2.02
ooking at difference or asymmetries — almost invariant D°s,-mass [GeV/cA
all instrumental effects cancel &




Strong indication (2.70) that CP is
violated in charm at the 0.5-1% level.

p [%]

di
C

Confirming the LHCb result with
competitive resolution.-

Naive LHCb+CDF combination yield
direct CPV in charm at the 3.8c level.

Result updated using full Runll data sample and improved event selection
AA=Acp(DO—KK) - Ap(DO—mn)=[-0.62 +£0.21(stat) £ 0.10(syst)]%

No CP violation
P-value = 8.04x10°

—— 2-dim 68.27% CL
—_ 2-dim 95.45% CL

------------- 2-dim 99.73% CL
- —e— 1-dim 68.27% CL

1 -2 1

Most precise determination to date!







* Measurement of difference between top and antitop quarks masses tests CPT

- Unique as it's the only quark that can be studied naked

- systematics mostly cancel out in the difference

Additions for this round:

- analyze 0 tagged events

- use advanced jet energy corrections

- use all available data!
CDF Il Preliminary 8.7 fb™

e Data

[ ]t 0 Gevre)
Background

All

400

CDF 11 Preliminary 8.7 fb!

Systematic GeV/c*
Signal Modeling 0.14
Parton Showering 0.17
Next Leading Order 0.16
Jet energy scale 0.07
Parton Distribution Functions | 0.12
b jet energy 0.05
b/b asymmetry 0.38
Background shape 0.20
gg fraction 0.05
Radiation 0.10
MC statistics 0.07
Lepton energy 0.06
MHI 0.05
Color Reconnection 0.23
Total systematic 0.59

50 0 0
Am{*° (GeWc’s)

100 150

Delta M, = -1.95 +1.26 GeV/c?




* The heavies particle is still puzzling. The precise knowledge of its mass is
crucial:

- lts exact value points to Higgs boson mass, both in SM and BSM scenarios
- Production and decay depend strongly on its mass

- Yukawa coupling extremely close to 1 points to BSM?
CDF II Preliminary 8.7 fb™!

4000 Systematic GeV/c?
350 CDF Il Preliminary Residual JES 0.52
~ -1 Generator 0.56
"9300 * Data(8.71b ) Next Leading Order | 0.09

>l 77 Si '
%250 Signal+Bkgd PDFs 0.08
9500 : b jet energy 0.10
@ b tagging efficiency 0.03
§150 Background shape 0.20
w100 gg fraction 0.03
50 Radiation 0.06
ARy MC statistics 0.05
0 Q 350 Lepton energy 0.03
m;*** (GeVic) MHI 0.07
Color Reconnection 0.21
—_ 2

Mtop_ 172.85 = 1.10 GeV/c Total systematic 0.84

Single most precise determination of top mass to date



* Reminders:

- single top first observed in 09 by CDF and DO simultaneously

- LHC sensitive mostly to t-channel (and eventually Wi)

- At Tevatron s- and t-channels are comparable (and Wt almost negligible)
* Now showing update of the observation analysis to 7.5fb!

- Addition of several improvements stemming from analogous WH search

Posterior Probability Density

W+Jets, NN Discriminant CDF Il Preliminary 7.5 b

Gy = 3.04 °057 pb

0.01—
B Assuming m = 172.5 GeV/c?

0.005

% 2 4 8 8
Single Top Quark Cross Section c_,,[pb]

o(s+t)=3.04 = 0.55pb

Posterior Probability Density

WaJets, NN Discriminant CDF Il Preliminary 7.5 fb
0.01F

IV, | > 0.78 (95% C.L.)

-....I....I....I
%3 04 05 0. 07 08 09 1
v P

V,,=0.92 + 0.09(ex) = 0.05(th)




* Reminders:
- single top first observed in 09 by CDF and DO simultaneously
- LHC sensitive mostly to t-channel (and eventually Wt)

- At Tevatron s- and t-channels are comparable (and Wt almost negligible)
- s- and t-channels have sensitivity to different NP scenarios

- Past iteration, CDF showed a 20 discrepancy with SM predictions, and with
DO’s measurement



* Reminders:

- single top first observed in 09 by CDF and DO simultaneously

- LHC sensitive mostly to t-channel (and eventually Wt)

- At Tevatron s- and t-channels are comparable (and Wt almost negligible)
- s- and t-channels have sensitivity to different NP scenarios

- Past iteration, CDF showed a 20 discrepancy with SM predictions, and with
DO’s measurement

Wi+dJets, NN Discriminant CDF |l Preliminary 7.5 b’

7 9 ® CDF Data
= [ I 68.3% CL
e Now more in line with SM 2 ar -gx gt
& [ Il SM(NNNLO)
o(t)=1.49+48 ., pb 2 3
o [
O L
o) 2;‘
£ 1
< [
world best s-channel estimation!

. R I - R R
s-channel Cross Section [pb]




Top quark at the Tevatron are produced mostly along the proton direction.
QCD says AFB about 5%, CDF and DO measured larger values.
* First breakthrough(>30) one year ago with large m(ttbar) dependence (CDF).
e Then (CDF+DO) finding large inclusive asymmetries.

A, of the Top Quark

" V. Ahrens et. al.,
arXiv:1106.6051v1 (2011)

. W.Hollik and D. Pagani,
arXiv:1107.2606 (2011)

CDF LJ

CDF DIL*

CDF combined*”

——

July 2011

(** submitted to a journal)

(* preliminary)

0.158 + 0.074 (:0.072+0.017)
(531"

—_—
0.420 + 0.158 (+0.150= 0.050)
(5117)

—®— 0.201+ 0.067 (0.065=0.018)

(+ stat « syst)

+0.018
—8— 0.196=0.060 "398

J

(5417

| |

-0.4 -0.2 -0

0.2
As

0.4 0.6 0.8

Atf
0.4
0.2

0.0

-0.2

1 it parton - level
CDF data 5.3fb™

1 . tf NLO QCD

450 GeV/c? M,

e Then improved EWK computation enhances by 20% AFB....what is going on?




Analyze full dataset, expanded signal

acceptance, improved (NLO) modeling

d(ay) (pb)

o}
©
1.5
* The inclusive asymmetry is still large —> |
0.5
0

Y

CDF Run Il Preliminary L = 8.7 fb™

—»— |[+Jets Data

Apg = 0.162 4 0.047
~—— NLO (QCD+EW) tt

Apg = 0.066

RS N—

1t

—+—

-

H—

0 0.5 1 ‘1.5l . ‘2
Parton Level Ay



Analyze full dataset, expanded signal

acceptance, improved (NLO) modeling

B
1.5
* The inclusive asymmetry is still large —> |
* The deviation is still larger
0.5
- at large Delta¥
0

CDF Run Il Preliminary L = 8.7 fb™

—— |[+Jets Data
0y, = (30.6 £ 8.6)x1 0
(Correlated Uncertainties)
— NLO (QCD+EW) tt
0y, = 10.3x1 0?

AFB

0.6

0.4

0.2

TSI TR SRR SRR R RN S I IR R
0 02 04 06 08 1 1.2 16 1.8 2

Parton Level Ay

L
1.4

CDF Run Il Preliminary L = 8.7 fb™

—»— |[+Jets Data
A =0.162+0.047

— NLO (QCD+EW) tt

d(ay) (pb)
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-
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1
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Parton Level Ay



CDF Run Il Preliminary L = 8.7 fb™!

Analyze full dataset, expanded signal S [~ rvlets Dana
£ | Aws=0162:0047
1 1 > “| — NLO (QCD+EW) tt
acceptance, improved (NLO) modeling gF | No@coewd
s .
1.5
-
* The inclusive asymmetry is still large —> | |
* The deviation is still larger :
0.5
| iy
- at large Delta¥ : + '
ofh‘.‘m Lol I R A
- Cli' |arge m(ﬂbar) -2 -1.5 -1 0.5 0 0.5 1 1.5 2
\ Parton Level Ay
CDF Run Il Preliminary L = 8.7 fb L. 4
m - CDF Run Il Preliminary L = 8.7 fb
L | —— |+Jets Data 2@ F_
< | oy, = (30.6 + 8.6)x10” <L o6f g:_efh%?éai 5.0)x10% /
o.sj L ﬁ_%?éﬁgig&j;ﬁamt'es) o5 - (CBrreIated Uncertainties) P
i > ) ' — NLO (QCD+EW) tt
| o, =10.3x107 : aM_=(3.3><1o4 )
0.4 0.4 ; #
[ 03[
0.2 02f
B 0.1 - ZFZé
e e b e
oz 04 06 08 1 12 14 16 15 2 s 400450 500 550 600 650 700 750

Parton Level Ay
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Analyze full dataset, expanded signal T [~ telets Data
. . 2 | Ag=0162:0047
acceptance, improved (NLO) modeling g3 °f Mo@eoewd
= ]
15
: —t—
* The inclusive asymmetry is still large —> | |
* The deviation is still larger : ——
0.5
- at large DeltaY -+ '
oL A R B R
-2 -1. 0 0.5 1 1.5 2

- at large m(itbar)

CDF Run Il Preliminary L = 8.7 fb™

—— |+Jets Data
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g
g

W — v

x2/dof = 58/ 48

>
3
3
P
€
-
w

8
8

5000

% 70 80 2 100
my(uv) (GeV)
=
& o000
15 10000 W= ev
I
S
£ x*/dof =60/ 62
>
w

5000

%0 . 40 I — 50
Er(e) (GeV)

Fits in m;, lep p;, nu p; as a function of
m,, for muons and electrons

Necessary components:

* Production model (QED, PDFs, W pt )
 Track momentum scale (J/vy, Y, Z)

e EM Energy scale (calibrate with W and

Z E/p)
« Hadronic recoil model (calibrate with Z)

 Background estimation

Combine all six fits

Fore more infos: see A.Kotval W&C seminar on Feb 23,

arxiv 1203.0275



* Impressive amount of work to Source Uncertainty (MeV)

reduce most source of systematics

Lepton energy scale and resolution 7

Recoil energy scale and resolution 6

. . . Lepton removal 2

* Most precise determination of W p,0r0unds 3
mass to date pr(W) model 5
Parton distributions 10

QED radiation 4

* Significantly impact the prediction  W-boson statistics 12

for the Higgs boson mass Total 19

New world average of 80390+16 MeV
Prelim fit of mH = 90+29-23 GeV
mH< 145 GeV @95% CL

Talking about the Higgs boson
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For many years, Tevatron has been leading the Higgs hunt
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For many years, Tevatron has been leading the Higgs hunt
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For many years, Tevatron has been leading the Higgs hunt
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For many years, Tevatron has been leading the Higgs hunt
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For many years, Tevatron has been leading the Higgs hunt
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Finally, the LHC joined the hunt...
February 2012
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Finally, the LHC joined the hunt...
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e At LHC gg—H cross section much larger, and backgrounds grow litle.
- v, WW, ZZ final states most sensitive channels
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¢ On the other hand, WH/ZH associated production grows little with Vs in pp,
and W/Z+jets backgrounds grows fast:where the H — bb decay counts the most
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e CDF updated all low mass and high mass Higgs analyses

- Now analyzing all dataset
- Improved background discrimination, enhanced signal acceptance, etc.

- CDF exclusions expanded in the high mass region
CDF Run Il Preliminary Jng.ﬂb.I
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- please also note that sensitivity @125GeV close to HV searches




- Now analyzing all dataset
- Improved background discrimination

- Increased
algorithm

CDF Run Il Preliminary 9.4 fb-1
WH- Ivbb. All channels combined

e CDF updated all low mass and high mass Higgs analyses

acceptance and resolution thanks to new b-tagging, leptons, jets
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CDF updated all low mass and high mass Higgs analyses

- Now analyzing all dataset

- Improved background discrimination

- Increased

CDF Run Il Preliminary 9.4 fb-1
WH- Ivbb. All channels combined

acceptance and resolution thanks to new b-tagging, leptons, jets
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Now analyzing all

Improved background separation

e CDF updated all low mass and high mass Higgs analyses
dataset

- Increased acceptance and resolution thanks to new b-tagging, leptons, jets
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Fore more infos: see M.Stancari W&C seminar on Mar 7
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If dark matter interacts with SM, then colliders are ideal tools for DM production

* Collider advantage #1: no detection threshold

* Collider advantage #2: Insensitive to spin-dependent/spin-indepenent effects
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Hadron colliders are competitive with dedicated direct detection facilities!

Fore more infos: see S.Shalhout W&C seminar on Jan 20
arxiv 1203.0742



One more signature that has been investigated here for the first time.

e Study events with a single top quark plus large MET.

- Can arise from FV models, SUSY etc.
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arXiv:1202.5653, submitted to PRL



e Anomalous top AFB could be explained by
a new particle Z’ with uZ’t coupling. Would
give rise to

- Same sign top production (already
investigated)

- Search tZ' —ttj events for resonant
top+jet production
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Please check them at the following address
http://www-cdf.fnal.gov/physics/W12CDFResults.html



Impressive amount of physics for an experiment reaching his 30s

We are in a complex era, but one where CDF still playing a high profile role:
- world best determination of key SM measurements
- Other measurements taking advantage of the unique ppbar collisions
- Test bed for exciting ideas: dark matter detection now a colliders realm!

Competitive with b-factories, t-factories, DM, Higgs facilities!

This is again an exciting time for particle physics:
- Higgs might be around the corner

- Interesting deviations observed by multiple experiments



* Impressive amount of physics for an experiment reaching his 30s

* We are in a complex era, but one where CDF still playing a high profile role:
- world best determination of key SM measurements
- Other measurements taking advantage of the unique ppbar collisions
- Test bed for exciting ideas: dark matter detection now a colliders realm!

e Competitive with b-factories, t-factories, DM, Higgs facilities!
 This is again an exciting time for particle physics:
- Higgs might be around the corner

- Interesting deviations observed by multiple experiments

* More results will appear in time for Moriond QCD/DIS, etc















